According to the World Health Organization and the International Association for the Study of Pain, pain is a relevant worldwide problem in the healthcare field. The present study aimed to describe the definition of pediatric pain and the main characteristics, and to examine the findings regarding the impact of pain on the development of the child. The best clinical practices in Neonatal Intensive Care Units should include developmental care and specifically implement pain management, aiming to protect the health and development of the infants. The efficacious non-pharmacological management of neonatal pain includes breastfeeding, skin-to-skin, non-nutritive sucking, facilitated-tucking and swaddling. Sweet solutions also have pain relief effects. Psychologists could actively participate in the implementation of non-pharmacological interventions and in the whole process to sensitize and train the professional teams, to alert parents to protection against pain and to support policymakers in the implementation of pain guidelines in the hospital. 
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Hospitalization is a high-risk factor for child development, especially at early ages, and represents a stressful experience for the main family caregivers, mainly affecting mother-child interactions. On one hand, hospitalization of the child provides optimal conditions for fulfilling clinical requirements in the treatment of diseases or perinatal and neonatal problems, such as prematurity, very low birth weight, and congenital problems. On the other hand, hospitalization exposes the child to a set of stressful and painful events and causes deprivation of environmental stimuli essential for development and learning. Additionally, hospitalization has a negative impact on the mother, provoking anxiety and stress (Matsuda-Castro & Linhares, 2014; Padovani, Carvalho, Duarte, Martinez, & Linhares, 2009 ) and depressive symptoms (Padovani et al., 2009 ).
According to the World Health Organization and the International Association for the Study of Pain (IASP), pain is a relevant worldwide problem in the healthcare field. However, despite huge investments and research efforts in relation to the issue of pain, the clinical practice is very far from the "best practices" in the hospitals. Pain is under-notified, not systematically assessed through validated instruments, poorly documented in medical charts, and, consequently, undertreated, in both developed (Stevens et al., 2011; Taylor, Boyer, & Campbell, 2008) and developing countries (Linhares et al., 2012) . The prevalence, assessment, and management of pediatric pain was examined in a Brazilian public teaching hospital, with the findings providing evidence of the high prevalence of pain in pediatric inpatients and the under-recognition of pain by health professionals (Linhares et al., 2012) . In this Brazilian audit study, with 34 children/adolescents interviewed, 59% reported pain, 68% of whom reported that they received pharmacological intervention for pain relief. Of the 82 family caregivers interviewed, 49% had observed a pain response in their child, and 74% reported that the inpatients had received pharmacological management. In addition, the physicians reported that 38% of the inpatients exhibited signs of pain, these being predominantly linked to acute pain detected during clinical procedures, with 68% of the patients receiving pharmacological interventions. The nurses reported that pain was managed in 78% of the inpatients through pharmacological and/or non-pharmacological interventions. In this study, the majority of the 121 inpatients were infants, especially preterm neonates undergoing intensive care treatment, who could not report their pain.
The Neonatal Intensive Care Unit (NICU) is a stressful environment, including events of different stressful levels (extremely, very, moderately, and slightly), depending on the specific treatment of the inpatients (Newnham, Inder, & Milgrom, 2009) . The clinical health status of the newborn is directly associated with gestational age and birth weight, with increased lengths of stay in NICU related to more painful procedures in the neonatal pain history (Goffaux et al., 2008; Valeri, Gaspardo, Martinez, & Linhares, 2012; Williams, Ktattak, Garza, & Lasky, 2009) . The inpatients of the NICU are mainly preterm and very low birth weight newborns with clinical diseases associated, such as intracranial hemorrhage, bronchopulmonary dysplasia, and/or retinopathy of prematurity. Infants born prematurely are defined as those born before 37 weeks of gestational age. The estimate is that 15 million preterm infants are born per year in the world, with this accounting for more than one in 10 (World Health Organization, 2016).
Preterm infants with increased severity of illness have shown greater arousal during puncture and higher physiological reactivity after a puncture than clinically stable preterm infants (Valeri et al., 2012) . Usually, preterm infants spend an average of two months in a NICU setting (Linhares, Gaspardo, Souza, Valeri, & Martinez, 2014) , characterizing a toxic stress experience during early development. Toxic stress consists of high reactivity, with frequent and ongoing arousal of the body in response to stressful events Shonkoff, 2010; Shonkoff & Levitt, 2010; Shonkoff et al., 2012) . The stressful experience at early ages with no adequate protective support could have a negative impact on the development in the short-, medium-and long-term (Linhares, 2016) and on health in adulthood (Shonkoff, 2012) .
The pain experience in the NICU constitutes an extreme toxic stress event for infants during early development. These experiences provoke biobehavioral activation of vulnerable infants, who have a poor self-regulated developmental process in this phase. In the neonatal phase, the developmental regulation process is focused on physiological regulation, with an evolution to the emotional and behavioral regulation processes coming later (Sameroff, 2009) . Protective mechanisms should be employed to promote the balance of the reactivity-recovery system and, consequently, enhance the regulatory processes. Therefore, the prevention and treatment of pain in vulnerable infants during the neonatal phase needs to be implemented in hospital settings, aiming to protect the development of the infant. The interdisciplinary health professionals that take care of infants in the NICU setting should play an active co-regulation role, providing external protective support for the development of the newborns.
Definition of pain
The International Association for the Study of Pain defines pain as the following: "An unpleasant sensory and emotional experience associated with actual or potential tissue damage, or described in terms of such damage" (International Association for the Study of Pain, 1994, para.3). It is important to note that, even in vulnerable populations of infants with an inability to communicate the pain symptoms verbally, pain experiences can be detected. Consequently, they need to be protected against these stressful and painful experiences during early development. Pain is always subjective, however, their experiences can be measured by objective biobehavioral responses (such as, specific facial activity and body movements, heart rate, cortisol levels, oxygen saturation, and sleepwake states) (Stevens et al., 2007) . Pain is a tissue damage experience, which is associated with actual or potential damage, causing an unpleasant and therefore emotional experience.
Recently, the definition of pain proposed by the International Association for the Study of Pain was reviewed by Williams and Craig (2016) , based on the reasoning that the pain definition was partial, omitting qualities such as the cognitive and social dimensions. The authors suggested a discussion among researchers and clinicians to update the IASP's pain definition. They highlighted that there have been substantial advances in science, which are not reflected in the stated pain definition, aiming for a more balanced and comprehensive approach of pain. They recommended emphasizing behavioral responses in all pain assessments, accepting that psychological implications can be present even when there is no tissue damage.
According to the International Association for the Study of Pain (1994), pain can be classified, as the following: acute, chronic or recurrent. Acute pain presents a short duration related to tissue injury or physiological process, which stops when the painful stimulus finishes. Frequently, acute procedural pain is associated with routine intensive treatments of infants in the NICU, according to the clinical requirements, such as puncture for blood collection exam, aspiration, and injection procedures. The evolution of chronic pain, in turn, is characterized by pain symptoms persisting for at least three months, with the pain being related to a certain disease. Finally, recurrent pain develops with variations in duration, intensity, and frequency, which are separated by asymptomatic periods.
Impact of pain on development
Neonatal intensive care exposes the infants to many painful and stressful procedures, which cumulatively, could affect later neurodevelopmental outcomes. Recently, there has been an investment in studies with prospective-longitudinal designs aiming to examine the impact of the exposure to neonatal pain-related stress on the development of the child. A systematic review of the literature showed that acute pain-related stress events experienced in the early neonatal phase have a negative impact on the development of the child, even when controlling for the clinical severity of illness of the preterm newborn samples (Valeri, Holsti, & Linhares, 2015) . This review showed that in infants born extremely preterm greater numbers of painful procedures were associated with delayed postnatal growth, poor early neurodevelopment, high cortical activation and altered brain development. Biobehavioral pain reactivity-recovery responses in very preterm infants were associated with later negative affectivity temperament during toddlerhood. Furthermore, greater numbers of neonatal painful experiences were associated with poor cognitive and motor development outcomes at one year of age, and changes in cortical rhythmicity and cortical thickness in school-age children.
The assessment of pain should be performed to support clinical decisions regarding appropriate pain relief management and to attenuate the potential negative impact on the early and later development of the child (Hall & Anand, 2014; Roofthooft, Simons, Anand, & van Dijik, 2014) . Pain management and comfort interventions increase the homeostasis and stability of preterm infants and help immature newborns cope with pain-related stress events in the NICU Johnston et al., 2014) .
Developmental care
Pain management protocols are directly associated with Developmental Care guidelines in the NICU setting. In the 1980s, Heidelise Als developed a program of protection for the development of preterm newborns, called the "Newborn Individualized Developmental Care and Assessment Program" (NIDCAP), which aims to positively modify the intensive care unit environment (Als, 1982; Als et al., 2004) . The NIDCAP involves, among other interventions, reductions of light, noise and handling, as well as providing rest periods for the newborn, in order to reduce the high level of environmental stress. Later on, other developmental care interventions in the NICU were also systematized. The Developmental Care has been shown to have beneficial effects on the development and health of preterm infants in the neonatal period and in the first year of age (Gaspardo, Martinez, & Linhares, 2010) . The Developmental Care interventions improved outcomes in the short-term, such as the physiological, behavioral, neurological and clinical status of newborns (Als et al., 2003) . Decreased pain reactivity of infants was noted during weighing (Catelin, Tordjman, Morin, Oger, & Sizun, 2005) and diaper changing (Sizun, Ansquer, Browne, Tordjaman, & Morin, 2002) procedures. Parents exposed to Developmental Care interventions showed a higher sense of competence to take care of the infants (Ohgi, Fukuda, Akiyama, & Gima, 2004) .
Developmental Care practices support better neurobehavioral stability in very preterm infants (Montirosso et al., 2012) . Infants from NICU with infant-centered care practices, such as involvement of the parents, use of kangaroo care as a routine procedure and the presence of nursing interventions to support infant development by decreasing infant energy expenditure and promoting stability, showed greater attention and regulation, less excitability and hypotonicity, and lower levels of stress, compared to infants from low-care NICU (Montirosso et al., 2012) .
Pain management constitutes part of the whole procedure of developmental care for infants hospitalized in the NICU; however, the pain issue needs further clear pharmacological and nonpharmacological guidelines for pain relief and protection of development against stressful and painful events.
Non-pharmacological management of neonatal pain
The non-pharmacological management of neonatal pain mainly includes prevention of pain-related stress experiences in the vulnerable population of preterm and full-term infants. During hospitalization in the NICU, preterm newborns experience an average of six painful procedures daily (Gaspardo, Chimello, Cugler, Martinez, & Linhares, 2008) , and additionally suffer other extreme or moderate stressful events, such as, intubation, eye examination, lumbar puncture, heel pricks, and nasogastric tube insertion (Gorzílio, Garrido, Gaspardo, Martinez, & Linhares, 2015) . The scientific, evidence-based, non-pharmacological management of neonatal acute pain (Cignacco et al., 2007; Fernandes, Campbel-Yeo, & Johnston, 2011 ) includes the following: (i) breastfeeding or human milk (as well as the unquestionable nutritional benefits of human milk for the infants, it is a potent pain relief intervention when used with breastfeeding or via oral-gastric tube); (ii) non-nutritive sucking (32 sucking behaviors per minute have an analgesic effect; a pacifier can be used); (iii) facilitatedtucking (placing the arms and legs of the infant near the trunk to maintain a flexed in utero posture, with limbs placed in body midline); (iv) swaddling (wrapping the infants in a sheet or blanket, limbs flexed, head, shoulders and hips neutral without rotation and hands accessible for exploration); (v) skin-to-skin (positioning of clinically stable infants against the breast of the mother allows them to be warmed, facilitates breastfeeding, sensitizes them to attachment, and relieves pain during medical procedures). The skin-to-skin position with the mother for 30 minutes is more effective for the pain relief of infants than 15 or 80 minutes (Cong, Ludington-Hoe, & Walsh, 2011; Cong et al., 2012) . In addition, the findings are inconclusive regarding whether the skin-to-skin position with fathers and others caregivers is as efficient as with mothers in relation to protecting infants against pain experiences (Johnston, Campbell-Yeo, & Filion, 2011; Johnston et al., 2012) .
It is important to note that all these pain strategies stimulate the infants in relevant developmental systems, such as oral, vestibular, and motor. In addition, the breastfeeding and the skinto-skin contact comprise part of a whole process of parenting, taking care of infants, acting for pain relief, and, naturally, promoting the mother-child interactions, which are protective for the emotional development of infants (Craig et al., 2015; Phillips, 2015) .
Additionally, a range of sweet solutions, such as sucrose and glucose, are used to prevent acute-procedural pain in the NICU (Matar, Arabiat, & Foster, 2016; Mokhnach et al., 2010; Stevens, Yamada, Ohlsson, Haliburton, & Shorkey, 2016) . Studies performed at the Clinical Hospital of Ribeirão Preto, of the Medical School of Universidade de São Paulo, showed that the use of repeated doses of oral sucrose in the NICU was effective in reducing procedural pain and increasing biobehavioral regulation, independent of the neonatal clinical risk level of the preterm newborns, with no clinical side effects detected (Gaspardo, Miyase, Chimello, Martinez, & Linhares, 2008; Linhares et al., 2014; Valeri, 2015) . The administration of these solutions should follow the specific recommendation guidelines, which have established the optimum doses and concentration to be efficacious for pain relief. Currently, there is no consensus in the scientific literature regarding whether these solutions should be classified as non-pharmacological or pharmacological neonatal pain management. However, there is a consensus that the administration of these solutions should be prescribed and documented in the medical charts 
Clinical practice implications
Considering that pain experiences affect the development of the child, the clinical practice of the interdisciplinary health team needs to include protection mechanisms for vulnerable infants exposed to the environment of toxic stress of the NICU. In the developmental care initiative in the NICU (Fernandes et al., 2011; Gaspardo et al., 2010; Symington & Pinelli, 2002) , professionals need to protect the infants against discomfort, distress, and pain experiences, performing the following actions: (a) moderating the negative effects of sound and light; (b) avoiding or reducing excessive and disorganized handling the infants, aiming to promote cluster-care; (c) facilitating the sleep states and reducing the crying states, as they provoke excessive energy expenditure in preterm infants; and (d) using facilitated tucking and promoting skin-to-skin contact, to implement pain management. Thus, infants will be protected and will achieve more organized physiological, emotional and behavioral regulation in their developmental processes. When the infants have more biobehavioral stability and regulation it becomes easier for the mothers to be close to the infants during their waking states, representing a special moment for stimulating the attachment. Finally, the main component of mother-infant interactions could be stimulated by the health professionals supporting mothers to establish good strategies for touching, talking and gazing at the infants under the special and restricted conditions of the NICU environment (Craig et al., 2015; Phillips, 2015) .
The inclusion of psychologists in the health professional teams is crucial, primarily, to promote the attachment in the mother-infant interactions and to support the mothers and other caregivers in coping with the stressful situation of having a newborn infant hospitalized in the NICU. It is important to note that, secure attachment is related to successful breastfeeding. The assessment of the anxiety, stress, and depressive symptoms of mothers is also essential for clinical decisions related to support for their better emotional regulation (Hynan & Hall, 2015) . The mental health of the mothers is a protective factor for the health and development of preterm infants, especially during the early ages. Furthermore, psychologists can support the development of the infants through an optimal NICU environment, reducing stressful and painful experiences or helping them to cope with these adverse stimuli when they are inevitable. Psychologists can also participate in the developmental care training of the clinical staff, especially by providing the conceptual framework of child development and psychopathology development and strategies to psychologically protect the preterm infants and their mothers or other family caregivers (fathers, grandmothers/ grandfathers, siblings).
Focusing on pain management in the NICU, the psychologists could actively participate in the following actions: implementing nonpharmacological interventions, as well as the whole process to sensitize and train the professional teams; alerting parents to the relevance of protection of the infants against pain; and supporting the policymakers to implement assessments and pain management guidelines in the hospital, achieving an institutional pain policy system. Accordingly, a pain program called HC-Criança sem dor (Children without pain) has been implemented in a tertiary university hospital in Southwest of the state of São Paulo, Brazil (Children's Hospital of the Clinical Hospital of Ribeirão Preto Medical School -Universidade de São Paulo) by a multidisciplinary team, including psychologists. This program was based on the principles of Childkind (Schechter, Finley, Bright, Laycock, & Forgeron, 2010) and aimed to: i) implement the assessment of pediatric pain and guidelines for pain relief management based on evidence and scientific knowledge; ii) provide continuing education for the multidisciplinary health teams; and iii) assess the hospital institution continuously regarding pain management in the different services (audits). The hospital teams are now more sensitized to pediatric pain issues, use of the written assessment form, prevention, and treatment guideline for clinical practice, with the distribution of handouts that summarize these guidelines. In the next step, training and updates regarding pain assessment and management will be implemented for professionals of the multidisciplinary teams of the Nursery, Neonatal Intensive Care Unit, and Pediatric Intensive Care Unit of the Children's Hospital.
The great challenges are in defining the programs and actions to implement successful training in pediatric pain issues for multidisciplinary teams and convincing policymakers to adopt institutional pediatric pain models in the clinical practices within the hospital services. For both purposes, evidence-based scientific knowledge is essential to achieve a high level of pain assistance for patients and their family caregivers. Future studies and clinical actions should invest more in chronic pain issues, especially regarding the assessment of specific pain and its management in a different way to acute pain. Chronic pain involves also other psychological variables, such as depressive symptoms, and implications for quality life, that need specific psychological support. 
